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$+ \frac{1}{Re_{0}}[\frac{1}{\rho}\nabla^{2}\omega-\frac{1}{p^{2}}\nabla p\cross(\nabla^{2}u+\frac{1}{3}\nabla(\nabla\cdot u))]$ (1.1)
$u$ $\omega=\nabla\cross u$ $p$ $\rho$ $t$
$=(\partial/\partial x_{1}, \partial/\partial x_{2}, \partial/\partial x_{3})$






$\frac{\partial Q}{\partial t}=-\nabla\cdot(uQ)-Q(\nabla\cdot u)+\omega\cdot S\cdot\omega-\frac{1}{\rho^{2}}[\omega\cdot(\nabla p\cross\nabla\rho)]$














$\frac{\partial p}{\partial t}+\frac{\partial}{\partial x_{j}}(pu_{j})=0$, (2.1)
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$\nabla\cdot u_{R}=0$ , (2.11)
$\nabla\cross u_{C}=0$ , (2.12)
{ $u_{R}\rangle$ $=\{u_{C}\}=0$ . (2.13)
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ulu\triangle





5 $- 20$ 2 $t=30.8$ $0\leq x_{1},$ $x_{2},$ $x_{3}\leq$
$2\pi$ ( ) 15%
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$( \frac{7}{16}\pi\leq X_{1}\leq\frac{23}{16}\pi, \pi\leq x_{2}\leq 2\pi, \frac{1}{4}\pi\leq x_{3}\leq\frac{5}{4}\pi)$
A[$x_{l}+x_{3}=54\triangle x$ $\Delta x(=2\pi/64)$
] $B(x_{2}=48\triangle x)$ $3(b, c)$ A






$t=30.6$ 30.8 $(1, 0, -1)$
0.07
( ) $4(a)$ ( ) $4(b)$ ( )










$7(a, b)$ A $B$
( $[(1.3)X]$ )












































$\frac{\partial F}{\partial n}=\frac{\partial F_{n}}{\partial n}\hat{n}+\frac{\partial F_{l}}{\partial n}\hat{l}$ , (3.8)





$\overline{\partial l}=0$ ,$\frac{\partial p}{\partial n}=0$,
$\partial p$
$\frac{\partial p}{\partial n}=0$ , $\frac{\partial p}{\partial l}=0$ ,
(3.10)
$\frac{\partial u_{n}}{\partial n}=0$ , $\frac{\partial u_{n}}{\partial l}=\frac{u_{l}}{a}$ $\frac{\partial u_{l}}{\partial n}=0$ , $\frac{\partial u_{l}}{\partial l}=-\frac{u_{n}}{a}$
$(3.2)-(3.5)$
$\frac{\partial\overline{p}}{\partial l}=\frac{4(\gamma+1)M_{s}^{2}\tan\theta}{a\{(\gamma-1)M_{s}^{2}+2\}^{2}}\rho$ , (3.11)
$\frac{\partial\overline{p}}{\partial l}=\frac{4\gamma M_{s^{2}}\tan\theta}{a(\gamma+l)}p$ , (3.12)
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$\frac{\partial\overline{u}_{n}}{\partial l}=\frac{\{(\gamma-1)M_{s}^{2}-2\}\tan\theta}{a(\gamma+1)M_{s}^{2}}u_{n}$ , (3.13)
$\frac{\partial\overline{u}_{l}}{\partial l}=-\frac{u_{n}}{a}$ (3.14)
(3.9) (3.10) $\partial\theta/\partial l=-1/a$
$div(\overline{p}\overline{u})=0$ , (3.15)
$\overline{p}$ (tt $grad$ ) $\overline{u}=-grad\overline{p}$ , (3.16)
$\frac{\gamma}{\gamma-1}grad(\overline{p}\overline{u})+\frac{1}{2}\overline{p}(\overline{u}\cdot grad)|\overline{u}|^{2}=0$ (3.17)
$\frac{\partial}{\partial n}(\overline{\rho}\overline{u}_{n})+\frac{\overline{\rho}\overline{u}_{n}}{a}+\frac{\partial}{\partial l}(\overline{p}\overline{u}_{l})=0$ , (3.18)
$\overline{\rho}(\overline{u}_{n}\frac{\partial\overline{u}_{n}}{\partial n}-\frac{\overline{u}_{l^{2}}}{a}+\overline{u}_{l}\frac{\partial\overline{u}_{n}}{\partial l})=-\frac{\partial\overline{p}}{\partial n}$ , (3.19)
$\overline{p}(\overline{u}_{n}\frac{\partial\overline{u}_{l}}{\partial n}+\frac{\overline u_{n}\overline{u}_{l}}{a}+\overline{u}_{l}\frac{\partial\overline{u}_{l}}{\partial l})=-\frac{\partial\overline{p}}{\partial l}$, (3.20)
$\frac{\gamma}{\gamma-1}\{\frac{\partial}{\partial n}(\overline{p}\overline{u}_{n})+\frac{\overline{pu}_{n}}{a}+\frac{\partial}{\partial l}(\overline{p}\overline{u}_{l})\}+\overline{\frac{p}{2}}(\overline{u}_{n}\frac{\partial}{\partial n}+\overline{u}_{l}\frac{\partial}{\partial l})(\overline{u}_{n}^{2}+\overline{u}_{l^{2}})=0$ (3.21)
$(3.11)-(3.14)$ $(3.18)-(3.21)$
$\frac{\partial\overline{\rho}}{\partial n}=\frac{2M_{s}^{2}}{a\{(\gamma-1)M_{s}^{2}+2\}}[-1+\ovalbox{\tt\small REJECT}(\gamma+1)\{3(\gamma-1)M_{s^{4}}-(\gamma-3)M_{s}^{2}+_{2}2(\gamma+2)\}_{\tan^{2}\theta]}(M_{s^{2}}-1)\{(\gamma-1)M_{s}^{2}+2\}\rho$ ,
(3.22)
$\frac{\partial\overline{p}}{\partial n}=\frac{2\gamma M_{\theta}^{2}}{a(\gamma+1)}[-\frac{2\gamma M_{s}^{2}-(\gamma-1)}{(\gamma+1)M_{s}^{2}}+\frac{2(2\gamma-1)M_{s^{4}}+(\gamma+5)M_{s}^{2}-(\gamma-1)}{(M_{s}^{2}-1)\{(\gamma-1)M_{s^{2}}+2\}}\tan^{2}\theta]p$,
(3.23)



























\nabla p $\cross$ \nabla p/p2
3.3
$(n, l)$




(3.27) $n$ $[a_{-}, a_{+}]$
$[u_{n} \omega]_{a-}^{a+}=-\int_{a-}^{a+}\frac{1}{p^{2}}(\frac{\partial p}{\partial n}\frac{\partial p}{\partial l}-\frac{\partial p}{\partial l}\frac{\partial p}{\partial n})dn$ (3.28)
$\omega$ $u$ (3.28) (3.4) (3.26)
$[u_{n} \omega]_{a^{+}}^{a_{-}}=\frac{4(M_{s^{2}}-1)^{2}}{a(\gamma+1)^{2}M_{s^{4}}}u_{n}^{2}\tan\theta$ (3.29)
$\omega$ $n=a_{-}$ (3.28) (3.29)
(3.28)
$(3.2)$ $(3.3)$ $(3.11)$ $(3.12)$
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o (3.2) $\Delta p=\overline{p}-p=2(M_{s^{2}}-1)p/\{(\gamma-1)M_{s}^{2}+2\}$
$\partial p(n)/\partial n=2(M_{s}^{2}-1)p\delta(n-a)/\{(\gamma-1)M_{s^{2}}+2\}$
$\delta(\cdot)$ $7^{ysfl}\simeq$ $\partial p(n)/\partial n=$
$2\gamma(M_{\text{ ^{}2}}-1)p\delta(n-a)/(\gamma+1)$
(3.11)













$\frac{d\{Q\rangle}{dt}=-\{Q(\nabla\cdot u)\}+\{\omega\cdot S\cdot\omega)-\langle\frac{1}{p^{2}}[\omega\cdot(\nabla p\cross\nabla p)]\}$
$+ \frac{1}{Re_{0}}\{\omega\cdot[\frac{1}{\rho}\nabla^{2}\omega-\frac{1}{p^{2}}\nabla p\cross(\nabla^{2}u+\frac{1}{3}\nabla(\nabla\cdot u))]\}$
(4.1)
14 ( )
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3. (a) $(7\pi/16\leq x_{1}\leq 23\pi/16, \pi\leq x_{2}\leq 2\pi, \pi/4\leq x_{3}\leq 5\pi/4)$ 2
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8. A $t=30.8$ .
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9. (a) A
X2
$t=30.8$ .
XI-X3
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10. (a)
$t=30.8$ .
10. (b)
$\Delta\leq-0.15|\Delta_{\min}|$
$t=308$ .
24
163
11. A
$t=30.8$ .
Xl,-X3
12. A
$o\grave{\cross^{)}}$
$t=30.8$ .
Xl,-X3
25
164
13. $\hat{l}$
$Js$
$a$
$\theta$
$14$ .
$\bullet$
5
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15.
$(\triangle\leq-0.15|\Delta_{\min}|)$
$\triangle$
$\bullet$
$16$ .
$t=$
308.
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